Many physical therapists use descriptive and functional assessments of motor recovery for patients with stroke. The purpose of this study was to establish the reliability of two such assessments. The Modified Motor Assessment Scale (MMAS) assesses motor recovery; the Barthel Index assesses functional independence. Interrater and intrarater reliability were determined for the total scores and individual item ratings using videotaped MMAS and Barthel Index assessments of seven patients with stroke. Therapists viewed and rated the videotaped assessments on two occasions separated by one month. The intrarater reliability results were higher than the interrater reliability results for total scores, and both results were acceptable statistically. Interrater and intrarater reliability of the individual item ratings were also determined. The MMAS and Barthel Index are reliable assessments of motor recovery and function for patients with stroke. Physical therapists are encouraged to use the two scales to document changes in the motor recovery and functional independence of patients with stroke.
Confidence in the reliability of the assessment instrument and the testers must exist for researchers to draw valid conclusions from clinical studies. Reliability refers to the consistency, reproducibility, and repeatability of the instrument or measurement procedure. Richman et al suggested that for most purposes, instruments can be considered very reliable when reliability estimates fall between .80 and 1.00, as moderately reliable when the estimates fall between .60 and .79 and of questionable reliability when the estimates fall below .60. 1 These guidelines are supported by Currier. 2 Although reliability is an important characteristic of a measurement tool, the rehabilitation literature contains few reliability studies of assessment scales used to measure functional or motor outcomes of patients with stroke. Of 19 assessment scales cited in the literature since 1957, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] only seven reports mentioned reliability testing. Four of the assessment scales were tested only for interrater reliability; in each case, the authors stated that their results were "acceptable," although detailed data were not presented. 3, 12, 19, 20 Only three reports described assessment scales that were tested for both interrater and intrarater reliability 5, 7, 14 A modified version of the Barthel Index has been correlated with the PULSES Profile, 10 but the reliability of the Barthel Index as originally described 15 has not been reported in the literature. Physical therapists, therefore, have few stroke assessment scales of known reliability to use for making decisions regarding rehabilitation of patients with stroke from clinical or research perspectives.
The purpose of this study was to test the interrater and intrarater reliability of two objective and numerical assessments of the functional and motor recovery of patients with stroke-the Modified Motor Assessment Scale (MMAS) and the Barthel Index. 15 We anticipated that both scales would be shown to possess adequate reliability to justify their use in clinical and research settings. We also anticipated that the intrarater reliability results would be more reliable than the interrater reliability results.
METHOD Assessment Scales
The MMAS assesses the motor recovery of patients with stroke and is based on the motor components of activities of daily living.* The MMAS is a modification of a motor assessment scale described by Carr et al. 5 The modifications of item descriptions were made by the first author (S.C.L.) and reviewed by three physical therapists experienced in rehabilitation of patients with stroke. We believe that the modifications increase the assessment's sensitivity to changes in patient status. General tonus was deleted in the modified version because the subjective nature of muscle tone testing makes achievement of a reliable score difficult. The MMAS is composed of eight items that are assigned a score from 0 to 6 (6 = "most difficult") pertaining to upper extremity motor recovery, balance, and function.
The items are 1) supine to side lying, 2) supine to sitting over side of bed, 3) balanced sitting, 4) sitting to standing, 5) walking, 6) upper arm function, 7) hand movements, and 8) advanced hand activities.
The Barthel Index 15 is an assessment of patients' level of independence in ADL and is scored in increments of 5 points (highest possible total score = 100). The values assigned to each item are weighted according to the amount of physical assistance required if the pa tient cannot perform the activity inde pendently. The 10 ADL items assessed in the Barthel Index are 1) bowel con trol, 2) bladder control, 3) personal hy giene, 4) toilet transfer, 5) bathtub trans fer, 6) feeding, 7) dressing, 8) wheelchair transfer to and from bed, 9) walking (wheelchair management if patient is nonambulatory), and 10) ascending and descending stairs.
Subjects
Seven hospitalized patients with stroke (two men, five women) at various recovery levels volunteered to be video taped while being rated on the MMAS and Barthel Index. The patients' mean age was 73.6 ± 8.3 years. Three patients had a diagnosis of left cerebrovascular accident (CVA), and four patients had a diagnosis of right CVA. All subjects gave their informed consent to the study.
Procedure
We trained one physical therapist to use the MMAS and one occupational therapist to use the Barthel Index. The patients were then individually video taped while the trained physical thera pist assessed their performance on the MMAS and while the trained occupa tional therapist assessed their perform ance on the Barthel Index. Fourteen other clinicians practicing in various areas of physical therapy were also trained to use the MMAS. A videotape demonstrating the use of the MMAS on a patient with stroke was shown to the 14 trained physical therapists, who were then given one month to practice the MMAS with patients. The therapists spent an average of four hours learning the MMAS and practiced assessing the performance of an average of two pa tients with stroke. Two physical thera pists and 3 occupational therapists were trained to use the Barthel Index. An average of one hour was spent reviewing the Barthel Index. Because this assess- ment is similar to that generally per formed by occupational therapists, the number of practice sessions was not con sidered. After one month of practice, the 14 MMAS-trained physical thera pists rated the performance of the 7 patients while viewing the videotaped MMAS assessments. The 2 physical therapists and the 3 occupational ther apists rated the patients using the Bar thel Index criteria while viewing the Bar thel Index videotapes. The data were used to analyze interrater reliability by comparing the score assigned by all ther apists for each patient. One month later, the videotaped assessments were again shown to the therapist, who rated the patients again. These ratings were com pared with the initial ratings made by the therapists to determine intrarater reliability.
Data Analysis
The MMAS and Barthel Index are considered to use ordinal levels of meas urement with dispersions that tend to be skewed; therefore, nonparametric statistics were chosen to analyze the data. To determine the interrater relia bility for the total scores, the data were analyzed for each patient for both scales. Intrarater reliability was calculated for each therapist for total scores of both scales. The Spearman rank-order corre lation coefficient (r s ), a nonparametric correlation test, was used to compare the patients' total results per scale used. 22 Analysis of these results was per formed as Richman et al described ear lier. 1 The Kappa coefficient (K) was used to compare the observed to ex pected agreement of individual scores of the assessment scales. 23 Bartko and Car penter suggested using the generalized Kappa coefficient when more than two raters and more than two choices for each variable exist. 24 Item reliability was also analyzed for each scale. Percentages of agreement and mean Kappa values were used to determine interrater reliability; Ken dall's rank-order correlation coefficient (Tau) was used for intrarater reliability testing.
RESULTS

Interrater Reliability
The results of the interrater reliability tests for total scores per patient using the Kappa coefficient for the MMAS are presented in Table 1 . For each patient, there were 91 unique comparisons be tween each therapist and the other 13 therapists. Thus, the seven patients had a total of 637 comparisons, and 511 (80%) of the comparisons were in the "excellent" agreement range. The range of Spearman rank-order correlation coefficients for the total MMAS was .83 to 1.00 with a median of .97. For the Barthel Index, there were a total of 10 comparisons per patient comprising a total of 70 comparisons; 51% of the Kappa values were in the excellent agreement range (Tab. 2). Sixty-eight (97%) of the comparisons were ≥ .66. The range of the Spearman rank-order correlation coefficients for the Barthel Index was .91 to 1.00 with a median of .96. Tables 3 and 4 present the results of a Kappa coefficient (K). to 100% (bowel control, bladder con trol, feeding, and ascending and de scending stairs); the mean Kappa values ranged from .47 to 1.00.
Intrarater Reliability
The results of the intrarater reliability tests using the Kappa coefficient and Spearman rank-order correlation coef ficient for the total score per therapist for the MMAS and Barthel Index are presented in Tables 5 and 6 
DISCUSSION
The results of this study indicate that the Barthel Index is a reliable measure of functional independence and that the MMAS is a reliable measure of motor recovery for patients with stroke. As we expected for the total scores, the intra rater reliability results were better than the interrater reliability results. We had expected more consistency in rating for one therapist rating the performance of a patient on two occasions than for nu merous therapists rating the perform ance of the same patient. The MMAS ratings of Patient 6 were associated with the lowest mean Kappa value (.73) for interrater reliability of the total scores. This patient was more difficult to assess because of communication and percep tual difficulties. A good agreement result was achieved, however, demonstrating that the MMAS can be used for patients with similar disabilities. For the Barthel Index, Patient 7 had the lowest mean Kappa value (.70), which is in the "good-to-fair" agreement range. This patient had many perceptual deficits, which made her sometimes inconsistent in her responses.
It was interesting to consider the in dividual item reliability results of the Volume 68 / Number 7, July 1988 two scales. The MMAS items hand movements and advanced hand activi ties both had 100% agreement and 1.00 mean Kappa value results for interrater reliability. Our patients' upper extremity recovery when videotaped, however, was either very low or very high in these two items. Reliability testing of the midrange scores of hand movements and advanced hand activities, therefore, is difficult to predict. The MMAS supineto-side lying item had the lowest per centage of agreement (72%; mean K = .63). When Carr et al studied individual items of the motor assessment scale, the supine-to-side lying item had the lowest mean correlation and had significant variability when compared with a crite rion rating score. 5 Therapists should rate more accurately the quality of side lying versus the quantity of assistance re quired to complete the task, which may have affected our result. We believe that this point must be considered when designing or choosing assessment scales; that is, reliable results are more difficult to obtain when descriptions are based on the quality of a task described in words rather than on a quantitative description.
Four items of the Barthel Index (bowel control, bladder control, feeding, and ascending and descending stairs) had 100% agreement (mean K = 1.00) for interrater reliability. Personal hy giene had the lowest mean Kappa value (K = .47; 71% agreement). This item is rated either independent (5 points) or dependent (0 points) and covers five areas of hygiene needs. The item rating may need to be changed to independent, with help, and dependent to decrease some of the variability in rating.
A very low percentage (4%) of the Kendall's Tau results were nonsignifi cant when intrarater reliability of the individual items was assessed. The su pine-to-side lying item in the MMAS had two nonsignificant results, and per sonal hygiene had two nonsignificant results for the Barthel Index.
The Barthel Index as described by Mahoney and Barthel 15 has not been previously tested for reliability. The mo tor assessment scale described by Carr et al has been tested for reliability using the videotape method, 5 but comparison of the reliability results of the MMAS and their motor assessment scale is dif ficult. In Carr et al's report, interrater reliability was determined by comparing each therapist's results to a master rating produced by one of the report's authors. (14) 1 (14) 0(0) 1 (14) 1 (14) 1 (14) 3 (43) Carr et al's assumption that the master rating is absolutely correct is impossible to establish, and their results, therefore, must be interpreted accordingly. When we tested interrater reliability of the MMAS, we compared each therapist's item rating to each other therapist's subscore rating. We did not assume that any one therapist's rating was absolutely correct. We believe that this is a more realistic method of determining interrater reliability.
A validity study was beyond the scope of this study, but for an assessment scale to be useful, it must be valid as well as reliable. Readers are referred to Donaldson et al, 6 Wylie, 26 and Granger and associates 10, 27 regarding the validity of the Barthel Index. The MMAS is partially validated by Fugl-Meyer et al who describe the order of motor recovery in the patient with hemiplegia regarding upper extremity function, balanced sitting, and sitting to standing. 28 Further study of the validity of the MMAS should be conducted using a sample of patients with stroke.
CONCLUSION
The results of this study showed that the motor recovery of patients with stroke can be assessed quantitatively using a standardized method and that consistent results can be achieved using the MMAS and Barthel Index. The two scales provide objective measures of patients' progress over time in motor ability (MMAS) and ADL independence (Barthel Index). The scales can be used as standardized assessments on a rehabilitation unit to quantify individual patients' progress or to address the total population of the unit. The scales could also be used as standardized follow-up assessments to determine whether gains achieved by patients with stroke while hospitalized are maintained after discharge. The two scales can be used to study the effects of a treatment program by quantitatively delineating a patient's progress and outcome.
